Objective. To examine epidural fat and its relationship to pain, physical function, and disability among older adults with chronic low back pain, chronic low back pain plus leg pain, and controls.
Introduction
Epidural fat is adipose tissue located within the epidural space, that is, the area located between the dura mater and the vertebral wall of the spine. Epidural fat increases proximally to distally in the lumbar spinal canal [1, 2] . Prior research has hypothesized that spinal epidural fat is not simply a space-occupying tissue as its anatomical location suggests a functional purpose [1] . Specifically, as epidural fat is found in the posterior aspect of the lumbar spine, it may buffer pulsatile dural sac movements, allow sliding of the dural sac along the surface of the vertebral arch during flexion and extension, and protect the dural sac during lashing and rotational motions [1, 2] . The reduction in or absence of epidural fat has been associated with chronically painful spinal conditions, including lumbar stenosis [2, 3] . Specifically, adults with long-standing lumbar spinal stenosis have less epidural fat than their peers with symptoms of shorter durations [4] .
Emerging regenerative research in animal models suggests that reconstruction of epidural fat is possible [5, 6] . Epidural fibrosis, which is common in failed back surgery syndrome, is thought to occur due to epidural fat destruction followed by invasion of fibroblasts [6] . In rabbits, adipose tissue engineered from adipose-derived stem cells has demonstrated promise for regenerating epidural fat to assist with epidural fibrosis prevention [6] . Adults with failed back surgery syndrome, pending future human subjects trials, may be one low back pain (LBP) subgroup who may benefit from regenerated epidural fat, while older adults with chronic LBP, including those with lumbar stenosis (who have reduced epidural fat) [2, 4] , may be another potential subgroup. That said, there has been little research evaluating relationships between epidural fat and clinically important outcomes, such as LBP intensity, LBP-related disability, and physical function among adults with chronic LBP. Establishing such relationships is a necessary step prior to human subjects trials that seek to restore epidural fat to improve pain, disability, and function in patients with chronic spinal conditions.
It is well-established that chronic LBP results in impaired physical function among older adults [7, 8] . When chronic LBP is accompanied by leg pain, functional limitations and resultant disability increase. For example, prior research using the Medical Outcomes Short Form-36 Health Survey (SF-36) physical component score has shown that older adults with chronic LBP and leg pain (i.e., pain radiating into the hip, buttock, or lower extremity) are more likely to report daily activity limitations when compared with those reporting only chronic axial LBP [9] . Due to age-related changes, radicular symptoms in older adults commonly arise from irritation of neural structures at lower lumbar segments [10] . Consequently, adequate epidural fat in this region, given its proposed buffering, protective function [1, 2] , may be particularly important for older adults presenting with chronic LBP and radicular symptoms.
To our knowledge, there are no studies evaluating the relationship between epidural fat and physical function among older adults, nor are there studies evaluating the reliability of epidural fat quantification in older adults with chronic LBP. We sought to establish interexaminer measurement reliability for assessment of epidural fat at vertebral levels L2/3 through L5/S1 so that we could examine lumbar spine epidural fat and its relationship to pain, physical function, and LBP-related disability among older adults with chronic LBP (with and without leg pain) as compared with controls. We hypothesized that a novice examiner could reliably obtain measurements of epidural fat with minimal training. Based on the theory that epidural fat is protective, we hypothesized that associations between epidural fat and physical function would be different among older adults with chronic LBP (with or without leg pain) when compared with associations among controls without LBP, with less epidural fat being associated with worse physical function in those with chronic LBP. We also hypothesized that older adults with chronic LBP þ leg pain would demonstrate stronger associations between epidural fat and physical function than individuals with chronic axial LBP only when both subgroups were compared with controls (without LBP). This hypothesis was based on prior studies reporting 1) epidural fat reduction with spinal stenosis (but no reports in axial LBP only conditions) and 2) greater impairments in physical function among adults with chronic LBP plus radicular symptoms when compared with adults with axial LBP only. Lastly, we sought to determine if associations between epidural fat and LBP intensity and/or LBP-related disability were present and if these relationships differed between adults with chronic LBP with and without leg pain. We hypothesized that the presence of leg symptoms would moderate this relationship among older adults with chronic LBP, such that higher levels of epidural fat would be related to even lower pain and disability levels in those with, as compared with those without, leg symptoms.
Methods

Participants
Older adults, age 60 to 85 years, were recruited through local physician offices, community centers, and print advertisements between May 2009 and December 2011. Individuals were excluded if they had a progressive neurological disorder, an acute or terminal illness, or if they had severely limited mobility (i.e., needed an assistive device for household ambulation). Older adults with chronic LBP were specifically recruited for a parent clinical trial [11] . Adults with LBP were excluded from the clinical trial if they had 1) a history of low back surgery, 2) received services for LBP (e.g., physical therapy, chiropractic care, injections) within the past six months to eliminate residual effects from prior treatment, or 3) experienced a recent traumatic event. The 12-week clinical trial compared trunk muscle training plus neuromuscular electrical stimulation to a passive therapeutic intervention [11] . To be included in the chronic LBP groups, participants had to have LBP of at least moderate intensity, that is, 3 or greater out of 10, on at least four out of seven days of the week, and for at least three months. Potential participants with chronic LBP were excluded if they had symptoms of nonmechanical LBP or a prominent component of radicular pain with symptoms below the knee as this subcategory of patients with chronic LBP may benefit from a different clinical intervention [12] . The Institutional Review Board for Human Subjects Research at the University of Delaware approved this study.
Data Collection and Analysis
After undergoing the informed consent process, participants rated their baseline pain intensity, completed selfreport questionnaires, and participated in a standardized clinical examination conducted by a licensed physical therapist. Pain intensity was accessed on a scale of 0 to 10, where 0 represented "no pain" and 10 represented "worst possible pain." A composite pain rating was obtained by averaging current, best, and worst pain in the past 24 hours [13] . Individuals with LBP with associated symptoms distal to the gluteal fold were considered to have LBP þ leg pain.
Self-Reported Measures
Self-report questionnaires included the modified Oswestry Low Back Disability Questionnaire (mODQ) and the Medical Outcomes SF-36. The mODQ has established reliability and validity among older adults with LBP [14] and is divided into 10 areas that assess limitations in activities of daily living; each item is scored on a scale of 0 to 5, with 5 indicating greater LBPrelated disability [15] . The sum of the items is multiplied by two and presented as a percentage, where higher scores indicate greater disability [15] . The SF-36 estimates disease burden and can be divided into two subscales: the physical component summary score (PCS) and the mental component summary score [16] . Each subscale has a maximum score of 100, with 50 representing "average" health and scores above 50 indicating better health status [16] . For these analyses, we used the PCS to represent self-reported physical function.
Performance-Based Measures
Older adults have rated stairs as one of the top five daily challenges due to advanced age [17, 18] . Further, stair performance is a determinant of physical performance and disability that requires greater exertion than other measures of mobility, such as gait speed or chair rise [19] . Participants were asked to ascend 12 steps (17 cm in height) as "quickly as possible, but safely." Participants were allowed to use a handrail if needed for safety. The average of two timed trials, with at least a one minute recovery between trials, was determined.
Epidural Fat Assessment
Individuals received magnetic resonance imaging on a 1.5 Tesla scanner (Siemens MAGNETOM, Erlangen, Germany) with a flexible spine coil at a nearby imaging facility. T1-weighted, spin-echo images were produced in the axial plane (repetition time/echo time ¼ 879/ 13 ms; field of view ¼ 230 mm Â 230 mm; encoding matrix ¼ 480 Â 640; phase encoding direction ¼ anterior to posterior; bandwidth ¼ 180; flip angle ¼ 150 degrees; slice thickness ¼ 5 mm with 1.5 mm gap; acquisition time ¼ $8 minutes). T1-weighted images allow for differentiation of epidural fat from dural tissue with a high degree of specificity [20] . For older adults with chronic LBP, magnetic resonance imaging (MRI) was completed prior to treatment in the clinical trial.
Sagittal images were utilized to determine the axial image that best represented the disc space for levels L2/3 through L5/S1; of the 102 possible participants, only those with data at each of the levels of interest were included in this analysis. Using ImageJ software (Bethesda, MD, USA), diameter measurements were taken by drawing a line from the posterior to the anterior portion of the epidural fat located in the posterior vertebral canal at each level. To establish interexaminer measurement reliability for assessment of epidural fat, two examiners took measurements of epidural fat diameter (EFD) on 20 individuals with chronic LBP, selected at random. The examiners, one with postdoctoral training in MRI data acquisition and analysis and the other with no prior MRI training, met for 30 minutes prior to data analysis to discuss and practice the measurement technique. Each examiner was blinded to the measurements of the other examiner.
Statistical Analysis
Statistical analyses were performed using IBM SPSS Statistics 24 (Armonk, NY, USA). After checking for parametric assumptions, means and standard deviations (and minimums and maximums) for continuous demographic variables were calculated for controls, older adults with chronic LBP, and older adults with chronic LBP plus leg pain. Analysis of variance (and covariance when necessary) were used to evaluate between-group differences in participant demographics (P 0.050).
Two-way intraclass correlation coefficients (ICCs) with 95% confidence intervals (CIs) were calculated to estimate interexaminer measurement reliability of assessments of a single slice, that is, a single disc level (model 3,1), and assessments of the average of the four slices, that is, the average across disc levels (model 3,4), for 20 participants with chronic LBP. Standard errors of measurements (SEMs) were calculated.
Linear regression modeling was used to evaluate relationships between the amount of epidural fat averaged across vertebral levels L2/3 through L5/S1 (obtained by the novice examiner) and pain, self-report and performance-based measures of physical function, and LBP-related disability. Age, sex, and BMI, as suspected covariates, were entered into the first block of each model for each dependent variable. Average EFD and the two groups were entered into the second block of each model, while the third and final block explored interactions (P 0.050). The percent of the variance for each block, that is, the amount of additional variance explained above and beyond the prior block(s), is reported as the change in R 2 . Associations are graphed to illustrate relationships between epidural fat and physical function after controlling for covariates. A priori power analyses were not conducted because this was a secondary analysis of data that was previously collected. A post hoc power analysis indicated that for 91 individuals, a power of 0.80, an alpha of 0.05, an R 2 change of 0.09 would be required to find the interaction significant in Block 3.
Results
There were 93 participants with magnetic resonance images available that contained disc levels L2/3 through L5/S1 for analysis; participant demographics are provided in Table 1 . Of those who reported chronic LBP (N ¼ 49), there were 25 who also reported concurrent leg pain, that is, buttock and/or thigh symptoms. Data from 44 controls were available for comparison. There were no statistically significant differences among the three groups for sex or race (P > 0.050). Adults with chronic LBP plus leg pain were younger than those with chronic LBP only (P ¼ 0.035) and controls (P ¼ 0.025). Individuals with LBP plus leg pain, however, had greater BMIs when compared with controls (P ¼ 0.011) but not when compared with those with axial LBP only (P ¼ 0.109); BMI was similar between controls (N ¼ 44) and older adults with axial LBP without leg pain (P ¼ 0.458). Controlling for age, there were no statistically significant differences in pain intensity or LBPrelated disability among older adults with and without leg pain (P > 0.050).
Interexaminer measurement reliability for EFD measurements for each disc level, as well as for the average across levels L2/3 through L5/S1, are provided in Table  2 . ICC point estimates for assessment of EFD for individual levels ranged from 0.63 to 0.93 among older adults with chronic LBP. When EFD assessments were averaged across disc levels, reliability was improved, as noted by a higher ICC point estimate (ICC ¼ 0.95) and a narrower confidence interval (95% CI ¼ 0.87-0.98). Table 3 shows how EFD relates to self-report physical function per the SF-36 PCS for each of the pain groups as compared with controls. Two controls were removed to meet the assumption of normality. Covariates collectively failed to explain any of the variance in Block 1 (although body mass index and age were significant: P ¼ 0.029 and P ¼ 0.036, respectively), while the addition of epidural fat in Block 2 explained 51% of the variance (per R 2 change; P < 0.001) in self-reported function. Block 3, while nearly significant (P ¼ 0.052), indicates that those with axial LBP only may have a relationship between epidural fat and self-report function that is statistically significantly different from controls (P ¼ 0.015), while those with LBP plus leg pain do not (P ¼ 0.170). Figure 1 , which controls for covariates, illustrates that as EFD increases in those with chronic LBP, self-reported physical function may increase per the SF-36 PCS. Table 4 shows how EFD relates to physical performance as assessed with stair climb performance for each of the pain groups as compared with controls. Two adults with LBP plus leg pain were removed to meet the assumption of normality. Covariates collectively explained 32% of the variance in Block 1 (with all covariates being independently statistically significant; P ¼ 0.000 for all). In Block 2, epidural fat explained an additional 13% of the variance (P ¼ 0.000), while interactions explained an additional 8% of the variance (P ¼ 0.001). Relationships between stair climb performance and epidural fat were statistically significantly different from controls for those with LBP only (P ¼ 0.000), but not for those with LBP plus leg pain (P ¼ 0.366). Figure 2 , which controls for covariates, shows that as EFD increases in older adults with chronic LBP, stair climb performance improves (as noted by decreased time).
Models exploring the outcomes of average pain intensity and mODQ as they relate to epidural fat were not statistically significant for those with chronic LBP with or without leg pain (P > 0.050).
Discussion
Assessment of epidural fat was reliable between examiners for each of the vertebral levels based on ICC point estimates, but reliability improved and measurement error decreased when epidural fat was averaged across the vertebral levels. Results indicate that among older adults with chronic axial LBP, greater lumbar epidural fat is associated with better stair climb performance and [10] . Structural spinal stenosis has been associated with decreased epidural fat [2, 3] . Among our older adults with chronic LBP, epidural fat, which may help to protect the dural sac and spinal cord [1, 2] , was less at lower disc levels, that is, L4/5 and L5/S1, when compared with higher levels, that is, L2/3 and L3/4 (mean ¼ 5.51 mm vs 3.75 mm). Age-related degenerative changes in spinal canal structure at L4/5, combined with reduced epidural fat, may make distinguishing small amounts of epidural fat from nearby structures more challenging than at adjacent levels with less degeneration and greater epidural fat; this may help to explain the lower reliability point estimates and greater SEMs for epidural fat measurements at lower lumbar levels.
Previous research has found that epidural fat is decreased with increased duration of LBP in middleaged adults [4] , but to our knowledge no studies have evaluated the relationships between epidural fat and LBP intensity, LBP-related disability, and/or physical function. LBP intensity and LBP-related disability were not significantly related to epidural fat for either LBP group in our study. Better self-reported and performance-based physical function was associated with increased epidural fat among those with chronic axial LBP (without leg pain), supporting the belief that epidural fat may be protective for this subgroup of patients [1, 2] .
Surprisingly, for those with chronic LBP with leg pain, epidural fat was not significantly related to physical function. In hindsight, we failed to consider that in some rare clinical conditions, such as spinal epidural lipomatosis (where there is excess adipose tissue deposition in the spinal canal, causing neural compression and perhaps radiculopathy, i.e., leg pain) [21] , increased epidural fat may result in reduced physical function. Among those with buttock and thigh symptoms in our sample, it is also possible that leg symptoms were secondary to an undiagnosed hip condition [3, 22] or other medical condition, for example, peripheral vascular disease, rather than related to the patient's low back condition, particularly as those with prominent radicular presentation were excluded from the parent study. For example, hip osteoarthritis is known to cause symptoms in the buttocks and thighs [23] . As individuals in the study did not have hip radiographs (or receive ankle-brachial indices), we cannot exclude the possibility of hip osteoarthritis (or peripheral vascular disease) in these individuals with LBP plus leg pain.
Study Strengths and Limitations
A strength of the study was that the examiner who conducted MRI measurements was blinded to participant LBP intensity, leg pain status, and self-report and performance-based physical function data. This was, however, a secondary data analysis of available baseline MRI data from a clinical trial of older adults with nonspecific, chronic LBP; therefore, the pathoanatomical cause of LBP and/or leg pain is unknown (i.e., perhaps some participants had spinal epidural lipomatosis). Future studies may control for additional covariates that may impact epidural fat, such as comorbidities that result in endogenous steroid overproduction and long-term exogenous steroid use. Epidural fat measurements were conducted by the novice examiner, who was blinded to participant clinical data; it is possible that measurement precision would have been enhanced by using the more experienced examiner. We selected a single self-report measure and a single performance-based measure for this analysis, but future studies may evaluate additional measures to see if epidural fat helps to explain other measures of physical function. Inclusion of performance-based measures, which assess actual capacity, may be particularly important as our data suggest that relationships between epidural fat and physical performance may be stronger than relationships between epidural fat and self-perceived function, where individuals may over-or underestimate their capacity. Further, as this was a cross-sectional study, we are unable to determine if reduced epidural fat is predictive of reduced physical function in older adults with chronic axial LBP; this requires longitudinal investigation.
Conclusions
The average amount of epidural fat present in the posterior spinal canal can be reliably determined from T1-weighted lumbar spine MRIs in older adults with chronic LBP, even when measurements are taken by a novice examiner. The amount of epidural fat, averaged across vertebral levels, helps to explain stair climb performance and may help to explain self-reported physical function among older adults with chronic axial LBP without leg pain. Increased epidural fat is associated with better physical function among older adults with chronic LBP (without leg pain), supporting the theory that epidural fat may be protective in nature for this patient subgroup. No associations were found between epidural fat and LBP intensity and/or LBP-related disability for older adults with chronic LBP with or without leg pain. Future longitudinal studies may evaluate the relationships between epidural fat and physical function among patients with chronic axial LBP (without leg pain) to determine if reduced epidural fat is predictive of poorer outcomes, while controlling for potential confounding conditions. Such investigations are critical first steps before studies targeting regeneration of epidural fat are moved from animal to human models.
